Background/Aim. Cesarean myomectomy is a controversial issue. It was considered relatively contraindicated for many years due to increased risk of intraoperative hemorrhage. Recent studies showed that cesarean myomectomy in some women may not be associated with increased morbidity. The aim of the study was to determine the causes and risk factors for intraoperative hemorrhage in patients subjected to cesarean myomectomy. Methods. This retrospective study included women subjected to cesarean myomectomy, divided into the study group of 36 patients in whom intraoperative hemorrhage was registered, and the control group of 66 patients in whom it was absent. The following parameters were analyzed: age, parity, gestational age of delivery, indications, type and duration of cesarean section, surgeon's experience, type, localization, size and number of myomas, number of incisions on uterus and neonatal birth weight. Results. There was a significant difference between the groups in terms of the type and size of myomas (p = 0.007 and p = 0.000, respectively) and duration of the surgery (p = 0.000). The size of the defect resulting from myoma enucleation and speed of suturing it have significant influence on the occurrence of intraoperative hemorrhage. In our study, operation on the patients of the study group lasted 14.53 minutes longer and their myomas were 39 mm bigger compared to the controls, with no difference in surgical experience of the obstetricians (p = 0.111). Conclusion. Cesarean myomectomy is associated with an increased risk of hemorrhage. Therefore, it would be advisable to discuss the hemorrhage and transfusion risks with patients with large multiple and intramural myomas before making decision to perform cesarean myomectomy. Those who perform cesarean myomectomy should be prepared to manage intraoperative hemorrhage during surgery in cases they encounter it.
Introduction
A high percentage of cesarean sections (CS) in women with fibroids was noticed at the first half of the 20th century 1 . Cesarean myomectomy (CM) is still a controversial issue 2 . It was considered relatively contraindicated for many years due to increased risk of intraoperative hemorrhage which may even require postpartum hysterectomy 3, 4 . Recent studies showed that CM in some women may not be associated with increased morbidity 5, 6 . The reasons for reviewing the attitudes of CM are relatively rare, but very serious myoma complications during puerperium, which might require surgical treatment and even postpartum hysterectomy 1 . CM enables performing two operations in one laparotomy, as well as preservation of the uterus, while avoiding risks of relaparotomy and repeated anesthesia, complications of myomas during puerperium and subsequent pregnancies 7, 8 . The aim of the present study was to determine the incidence and causes of intraoperative hemorrhage in patients subjected to CM, as well as to define risk factors for intraoperative hemorrhage in these patients.
Methods
This retrospective case control study included women who had undergone CM during a 5-year period in a single teaching hospital. Criteria for exclusion from the study were: placenta previa or placental abruption, congenital or acquired coagulopathy, multiple pregnancy, and additional surgery during CM (other than myomectomy). The study was approved by institutional Ethics Committee. All the 102 patients included gave the informed consent for the operation. CM indications included: patients' wish, symptomatic or degenerative myoma and tumor previa. Myomectomy was always performed by sharp dissection of myoma ( Figure 1) . No tourniquet and electrosurgery were used. The study group consisted of the patients in whom intraoperative hemorrhage was registered, 36 of them (group I). The controls (group II) included 66 patients with no intraoperative hemorrhage. The following parameters were analyzed: age, parity, gestational age at delivery, indications for CS, type of CS (emergency or elective), duration of CS, surgeon experience, type, localization, size and number of myomas, number of incisions on uterus and neonatal birth weight. The indications for CS were defined based on the primary indication for surgery. The duration of surgery was calculated in minutes from skin incision to skin closure. Type, localization and the number of myomas were assessed from the operative reports. Myoma size was determined by the largest diameter of the myoma measured by the pathologist. In cases of multiple myomas, the diameter of the largest fibroid was taken into account. Intraoperative hemorrhage was defined by the results from the surgical operative note, the need to administer carboprost during surgery, intraoperative transfusion of heterologous or autologous blood, and based on the reduction of hemoglobin levels greater than 40 g/L and/or reduction of hematocrit values greater than 10%.
Statistical comparisons were made between the control and study groups of patients. Data were analyzed using the statistical software SPSS version 20.0. Parametric data, after controlling normal distribution were compared by using the Student's t-test. For comparisons of a difference in terms of myoma size and localization among groups we used Likelihood Ratio. In order to evaluate the predictive accuracy of myoma size in the occurrence of intraoperative hemorrhage we used receiving operating characteristics (ROC). The unique level of significance throughout the study was 0.05.
Results
The incidence of intraoperative hemorrhage in our study was 35.29%.
The groups did not differ by age, parity, gestational week of delivery and neonatal body weight, as shown in Table 1 . None of the newborns had birth weight greater than 4,000 g. The largest number of patients in both groups were primiparas in term gestations.
Features of myomas are shown in Table 2 . There was a highly significant difference between the groups in terms of the type and size of myomas, without difference in myoma number and localization. The most common myoma type was multiple in the study group (47.2%), and subserous (51.5%) in the control group. Anterior myomas were the most common in both groups, accounting for 50.0% of myomas in the study and 65.2% in the control group, respectively. The study group patients had on average 39.11 mm bigger myomas. Impact of myoma size on the occurrence of intraoperative hemorrhage was further analyzed by ROC. The area under ROC (AUROC) curve for the intraoperative hemorrhage was 0.825 ( Figure 2 , Table 3 ). The cut-off point for the size of myomas in terms of the occurrence of intraoperative hemorrhage was 61.5 mm; the sensitivity was 66.7% and specificity of 87.9% (Table 4) . Intraoperative hemorrhage was registered in 75% of the patients with myomas bigger than 60 mm.
The indications for CS in the studied groups are listed in Table 5 . The most common indication for CS in the study group was myoma previa (33.3%), while in the control group the most frequent indications were disproportion and other (nonobstetric) indications (18.2% each).
The characteristics of surgeries in both groups are shown in Table 6 . The groups did not differ in relation to the experience of the surgeon, the incidence of emergency CS and the number of uterine incisions. In 8 of the patients CM was performed through low transverse cesarean incision. Duration of surgery was significantly different between the groups. The operation on the patients of the study group was significantly longer (on average, 14.53 minutes). None of the patients underwent postpartum hysterectomy and/or ligature of hypogastric arteries.
Discussion
CM is advised only in cases where it is necessary for safe extraction of fetus and the performance and/or suture a low uterine segment (LUS) incision of the uterus 9 . Sometimes, CM is unavoidable, or represents an alternative to corporal CS 10 . The only absolute contraindication for CM is a significant risk of hemorrhage, particularly in cases with uterine hypotony 11, 12 . An important factor in the decision making is myoma localization in relation to the large blood vessels, as enucleation of myomas in the proximity of uterine arteries significantly increases the risk of hemorrhage 11, 12 . Indications for CM are not clearly defined neither in the literature nor in obstetrical textbooks 2 . According to Ortac et al. 13 CM indications include patient's desire, symptomatic and degenerative myoma and myoma that may lead to postoperative complications and adverse perinatal outcomes in subsequent pregnancies. Similar views are presented by other authors 2, 14 . Most authors agree that myomas localized in the area of LUS incision should be removed if possible, without additional incision in the uterus [4] [5] [6] 9 , as we did in 8 of the patients . On the contrary, there are attitudes that all visible myomas should routinely be removed during CS 4, 15 . The most important reason for controversies regarding CM is the risk of intraoperative hemorrhage. Myomectomy is associated with significant risk of intraoperative hemorrhage, even outside of pregnancy, and this is further pronounced in pregnancy due to increased vascularization gravid uterus 1, 16, 17 . Also, the most common complication of the CS itself is bleeding and/or blood transfusion, with an incidence of 8.6% 18 . Studies on massive hemorrhage, postpartum hysterectomy, and even death due to hemorrhagic shock after CM mainly do not address the issue of CM 3, 19 . There is a difference in the incidence of intraoperative hemorrhage between our study, with the frequency of 35.29%, compared to the data of other authors 5 . Our investigation demonstrated a higher incidence of intraoperative hemorrhage during CM. There are several explanations for such a difference. One of those is the number of patients included. In some studies, the number of patients was several times smaller than in our study [14] [15] [16] 20 . In the study of Burton et al. 20 , out of 13 patients who underwent CM, one (7.69%) exhibited intraoperative hemorrhage that resolved after uterine artery ligation and transfusion of a single dose of packed red blood cells. There are publications indicating the incidence of intraoperative hemorrhage even lower than that observed in the general population after CS 21 . Another possible cause of the difference is a selection bias, related to the type and size of the fibroids. According to our results, the type and size of fibroids are the most important factors that influence the occurrence of intraoperative hemorrhage. Kaymak et al. 22 documented the incidence of intraoperative hemorrhage of 12.5%. Multiple myomas in this study were present in only 10 patients. The incidence of intraoperative hemorrhage of 12.6% was observed by Roman and Tabsh 23 in women with fibroids the average diameter of 35 mm, out of which 18% were multiple and 23% pedunculated. Hassiakos et al. 11 reported the incidence of 10% in a study with also lower incidence of multiple fibroids.
The undoubted cause of the observed differences is the difference in type of anesthesia used for CS. Intraoperative hemorrhage during CS is pronounced in women operated in general anesthesia 18 . The observed patients were operated on under general anesthesia, which is one of the drawbacks of the presented research. Skjeldestad and Øian 24 demonstrated that CS under general anesthesia is associated with two times higher risk of excessive bleeding compared to CS under regional anesthesia. The reason for this is the relaxation of muscles of the uterus caused by anesthetics. In contrast to our study, some researchers have used a tourniquet following the extraction of the fetus in order to reduce intraoperative blood loss, as well as various methods ligation of the blood vessels for devascularization of the operative field 5, 21 . The literature describes numerous surgical approaches to reduction of intraoperative hemorrhage during CM, but the data on their impact on the outcome of future pregnancies are scarce. Some of these techniques are recommended only for patients who no longer want to have children, but are interested in the preservation of the uterus. Our preliminary experience in this field indicates that application of the intraoperative blood salvage could be the method of choice for avoiding allogeneic blood transfusion during CM, without jeopardizing future fertility 25 .
The difference between the groups in terms of the type and size of fibroids supports the significant impact of these myoma characteristics on the occurrence of intraoperative hemorrhage. Most patients in the study group had multiple myomas, whereas in the control group subserous myomas were most common. Intraoperative hemorrhage is more frequent with multiple myomectomy, even outside of pregnancy 26 . Most authors agree that the pedunculated and subserous myomas are those which can be safely enucleated during CS 5, 23 , as supported by our results. The size of myomas had an effect on the occurrence of intraoperative bleeding. The risk of hemorrhage was pronounced in women with fibroids larger than 60 mm. Intraoperative hemorrhage was registered in 75% of patients with myomas bigger than 60 mm. Roman and Tabsh 23 registered hemorrhage in 10.9% of women with myomas ≥ 30 mm diameter and < 60 mm, and in 22.7% of the women with myomas bigger than 60 mm. The influence of the size of myomas on the occurrence of intraoperative hemorrhage during myomectomy outside the pregnancy is well known. Bleeding occurs during myoma enucleation and suturing the uterine defect. Thus the size of the defect resulting from myoma enucleation and speed of suturing it have a significant influence on the occurrence of intraoperative hemorrhage. In our study, operation on the patients of the study group lasted 14.53 minutes longer and their myomas were 39 mm bigger, with no difference in surgical experience of the obstetricians. According to Fok et al. 27 , surgical experience affect both the duration of CS and intraoperative blood loss. They suggested that experienced surgeons sutured operative wounds more quickly, that shortened the surgery and made the intraoperative blood loss less. This conclusion cannot be fully applied to CM, since in these cases the time required to establish hemostasis, and thus the duration of operation, are mainly affected by the characteristics of the removed myoma, primarily its size. For the establishment of full uterine contractility, and thus stopping bleeding, it is necessary to establish its anatomical integrity. This may explain why surgical experience did not significantly affect the incidence of intraoperative hemorrhage in our study. Furthermore, in some cases, younger doctors operated with more experienced surgeons. Maybe, in some cases CS was done by less experienced obstetricians, and CM by their experienced first assistants, while that in cases of intraoperative hemorrhage, experienced surgeons took over the operation. In both instances, the operative notes recorded younger doctors as leading surgeons. All these are the reasons why surgical experience did not affect the occurrence of intraoperative hemorrhage in our research. Similar results were found by Bergholt et al. 28 , who did not find a relationship between the experience of the surgeon and intraoperative blood loss during CS in a teaching hospital. Uncontrolled hemorrhage, the most severe complication of this procedure, which may lead to postpartum hysterectomy, was not registered in the presented research, despite the differences between our study and research published by other authors, as seen through the incidence of intraoperative hemorrhage. Also, none of the patients in our study required hypogastric artery ligation. According to Exacoustos and Rosati 3 , out of nine patients who underwent CM, three required hysterectomy due to massive hemorrhage. On the contrary, there are many studies about CM without cases of postpartum hysterectomy 6, 9, 21, 22 . Those describing the cases of massive hemorrhage and consequent postpartum hysterectomies are rare and the number of cases published in the literature is probably less than what is really in practice 1, 3 . This study has some limitations. The main limitations of this study are retrospective design and small number of patients. In addition, this series provide the experience of a single teaching hospital. Possible influence of myoma localization, indications and types of CS, the number of incisions on the uterus and the neonatal birth weight on the risk of intraoperative hemorrhage would require testing on a bigger sample size. The lack of statistical significance in the presented study does not yet mean that these factors have no influence on the incidence of intraoperative hemorrhage. This investigation, analyzing the risk factors for intraoperative hemorrhage concluded that CM is associated with a substantial risk of hemorrhage. The most important factors that contribute to this are myoma type and size, in cases of multiple and intramural myomas, bigger myomas and prolonged surgeries.
CM was promoted in many studies, without any serious or life-threatening complications in the presence of experienced surgeons. Nevertheless, even if we have the benefit of two operations in just one surgery, clinicians had to consider a possible risk for intraoperative hemorrhage.
Conclusion
This study provides valuable information on concealing the women seeking CM. Interval myomectomy might represent a safer option in some of those patients. Furthermore, it would be advisable to discuss hemorrhage and transfusion risks with patients with big multiple and intramural myomas before making decision to perform CM. We hope that the presented results could be useful to obstetricians while deciding when to perform CM. Those who decide to perform CM should be prepared to manage intraoperative hemorrhage during surgery in cases they encounter it.
